Effects of COVID-19 on Parkinson’s disease clinical features: a

community-based case-control study

Roberto Cilia', MD; Salvatore Bonvegna®”, MD; Giulia Straccia“*", MD; Golfré Andreasi Nico™", MD;
Antonio E. Elia', MD, PhD; Luigi M. Romito!, MD, PhD; Grazia Devigili', MD, PhD; Emanuele
@edf, MD, PhD; Roberto Eleopra, * MD.

Fondazione IRCCS Istituto Neurologico Carlo Besta, Department of Clinical Neurosciences,
OParkinson and Movement Disorders Unit, Milan, Italy;
o Mbepartment of Medical Sciences and Advanced Surgery, University of Campania "Luigi Vanvitelli",
PNapoli, Italy
Hﬁlinical Nutrition and Dietetics Unit, Fondazione IRCCS Policlinico San Matteo, Pavia, Italy;
*g-qual contribution

Cdrresponding author:
Ra@berto Cilia, MD
dazione IRCCS Istituto Neurologico Carlo Besta, Parkinson and Movement Disorders Unit, via

qioria 11, 20133, Milan, Italy; Tel. (+39) 23942368; Fax (+39) 23942539; Email:
erto.cilia@istituto-besta.it

le character count: 98; Abstract word count: 150; Manuscript word count: 1700;
eferences: 31; Number of Tables and Figures: Tables 2

nning title: COVID-19 effects on PD symptoms
ey words: COVID-19; Parkinson's disease, case-control study, motor symptoms, nonmotor symptoms

ihancial disclosures/Conflict of interest RC has received fees for speaking at conferences from
Zambon, Bial, UCB, and Lusofarmaco; has received fees for consultancies from Roche, Z-Cube; has
reCeived congress sponsorship from Zambon, and Boston Scientific. The other authors reported no

conflicts of interest.

Funding. This study was not funded.

This article has been accepted for publication and undergone full peer review but has not
been through the copyediting, typesetting, pagination and proofreading process which may
lead to differences between this version and the Version of Record. Please cite this article
as doi: 10.1002/mds.28170

This article is protected by copyright. All rights reserved.


mailto:roberto.cilia@istituto-besta.it

Abstract

The impact of Coronavirus disease 2019 (COVID-19) on clinical features of Parkinson’s disease (PD)
has been poorly characterized so far. Out of 141 PD patients resident in Lombardy, we found twelve
COVID-19 cases (8.5%), whose mean age and disease duration (65.5 and 6.3 years, respectively) were
similar to controls. Changes in clinical features in the period January-April 2020 were compared with
those of 36 PD control subjects, matched for sex, age, and disease-duration, using the clinical
inforession of severity index for PD, the Movement Disorders Society Unified PD Rating Scale parts 11

G

angd 1V, and the non-motor symptoms scale. Motor and nonmotor symptoms significantly worsened in
e COVID-19 group, requiring therapy adjustment in one-third of cases. Clinical deterioration was
lained by both infection-related mechanisms and impaired pharmacokinetics of dopaminergic

L

° Mrapy. Urinary issues and fatigue were the most prominent nonmotor issues. Cognitive functions were
Hrginally involved, while none experienced autonomic failure.
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Introduction

Since the first patient was diagnosed with COVID-19 in Lombardy, on February 20" 2020, Italy has
become the third most affected country (>215.000 cases) and 30.000 deaths in the world, as of May g™,
2020.[1] COVID-19 neurotropic properties may underlie a worsening of chronic neurological diseases,
such as Parkinson’s disease (PD). COVID-19 may worsen PD by a number of mechanisms,[2-4]
including pharmacodynamics changes (e.g., reciprocal interactions between the dopaminergic and renin-
arigiotensin systems in the substantia nigra and striatum[5]) as well as systemic inflammatory

G

regponse.[6-9] Patients with PD are frailer than general population because of disease-related factors and
e-related co-morbidities.[2-4;10,11] A higher COVID-19 mortality rate has been described in

anced PD patients in association to older age and longer disease duration.[12]

L

G

{1

Our primary objective was to investigate the effects of COVID-19 on motor and nonmotor
ptoms in a community-based PD cohort. In addition, we explored whether older age and longer

ease duration represented risk factors for developing symptomatic COVID-19.

Materials and method

Ar

In'the present observational, community-based, case-control study, we investigated demographic and

clinical features in a cohort of patients with idiopathic PD[13] and COVID-19 as compared to control

d

subjects between the pre-outbreak period in Italy (January 01%, 2020) and the end of lockdown

trictions (May 4", 2020). A 3-month period was chosen to minimize the effect of PD progression on

Q change in clinical features and the recall bias. Diagnosis of COVID-19 was performed according to

Hnical and laboratory criteria for probable and confirmed cases, released by the World Health

anization criteria on March 20™, 2020.[14] In symptomatic cases fulfilling criteria for ‘probable

se’[14,15] we included only patients with close and protracted contacts (i.e., caregivers) with

@oratory-confirmed cases.

Out of the 1092 records obtained by searching the Besta Institute clinical software for patients

Ifilling the following criteria (i) International Classification of Diseases, Ninth-Revision, Clinical

dification code for parkinsonism 332.0, (ii) resident in the Lombardy region, northern Italy (which is

far the most affected area (>80.000 cases) with the highest case-fatality (>15.000 deaths) in Italy, as

@to May 11", 2020),[16] (ii) visited at least once from January 01%, 2019 to December 31%, 2019, we

performed a random selection of 150 PD for subsequent remote interview by a neurologist experienced

in movement disorders (by video-consultation or telephone),[2,17,18] which was performed between

April 15™ and May 4™, 2020. Signed informed consent was obtained prior to remote assessment and
collection of clinical data, as approved by the local Ethics Committee.

Out of a total of 141 subjects who accepted to be interviewed, twelve (8.5%) were affected by
COVID-19.[14] Compared to overall cohort of 129 PD control subjects (males 56.6%; age 69.1+10.1
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years; PD duration 8.2+5.0 years; any comorbidity 62.8%), cases has similar sex distribution (P=0.37),

age (P=0.24), PD duration (P=0.20), and co-morbidities (P=0.54). Among those 129 screening negative

for COVID-19, a group of 36 PD controls matched for sex, age and disease duration (+1 year) was used

for subsequent statistical analysis. A 1:3 ratio was chosen to minimise the effects related to biological

variability and the potential presence of asymptomatic COVID-19 among controls.[19] Cases and

matched controls underwent in-depth assessment using the following internationally-validated scales.

tor aspects of experiences of daily living and the severity of treatment-related motor complications

were assessed using the Movement Disorders Society Unified PD Rating Scale (MDS-UPDRS) parts 11

d 1V, respectively;[20] non-motor symptoms (NMS) were assessed using of the Italian version of the

G/IS Scale (NMSS);[21] overall changes of motor and nonmotor features was additionally rated using
o “ Clinical Impression of Severity Index for Parkinson’s Disease (CISI-PD).[22]

P Descriptive statistics were provided for continuous (mean and standard deviation) and

11

egorical (count and percentage) variables, which were compared between groups using the Student’s
st and the Fisher’s exact test. Then, between-visit changes in study parameters (January-to-April,
2020) were compared between COVID-19 cases and controls using repeated-measure linear regression
maodels. The role of potential confounders was addressed by MANOVA. All statistical analyses were
formed using STATA statistical software release 15.1 (Stata Corporation, College Station, TX)

ing the level of significance at a two-tailed P-value <0.05.

qults

Hmographic and clinical features at baseline were similar between PD cases and matched control
jects, except for the greater need to increase dopaminergic therapy dosing and higher rate of contacts
ith confirmed COVID-19 among cases (Table 1). COVID-19 symptoms were mild, managed at home
thout symptomatic therapy in 3 cases (25%); 8 cases (66.7%) had moderate illness, pharmacologically
naged at home by the general practitioner; only one patient was hospitalized (8.3%) due to
neumonia. COVID symptoms remitted in ten out of 12 (83.3%) cases and were still ongoing in two

ients (16.7%; both remitted at subsequent follow-up on May 15™); nobody died.

At within-group comparison, cases evidenced a significant worsening of the CISI-PD total and
motor-signs scores, MDS-UPDRS part-11 score, the NMSS total score and the urinary domain sub-score
(Table 2, footnote d). Between-group case-control analysis additionally revealed greater motor
disability (at CISI-PD), motor fluctuations (at MDS-UPDRS part-1V), and nonmotor complaints.
Involvement of cognitive functions was marginal (no change at CISI-PD), and autonomic cardiovascular
and sexual functions remained unaffected (Table 2).

Finally, considering the greater rate of diarrhoea among COVID-19 cases (Table 1) and its

detrimental effect on the pharmacokinetics of dopaminergic medications (particularly levodopa), we
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adjusted a selected subset of models for this symptom and found that worsening of CISI-PD total and
motor signs scores was partially mediated by diarrhoea (p=0.002 for both) although COVID-19 status
was still a significant contributor (p=0.025 and 0.026, respectively). Worsening of MDS-UPDRS part Il
and the part 1V total score and the NMSS total score were explained by COVID-19 alone (p=0.008,
p=0.034, p=0.008, respectively); interestingly, increase in daily OFF-time was fully explained by
diarrhoea (p=0.019). We additionally explored whether urinary dysfunction and fatigue were due to
CBVID-19 or to diminished dopaminergic drive (Table 2) and found that urinary problems worsening

Wgs due by both motor fluctuations (p<0.001) and COVID-19 (p=0.005), while fatigue was due to

: : VID-19 alone (p<0.001).

® Mscussion

H our knowledge, this is the first community-based case-control study describing the effects of
antomatic COVID-19 on PD motor and nonmotor symptoms. First, PD patients who develop
ptomatic COVID-19 were neither older age nor with longer disease duration than those screening
negative, but rather had nonsignificant 3.5-year younger age and 2.0-year shorter disease duration. The
lack of case fatalities is consistent with the Italian case-fatality rate of 3.5% at 60-69 years of age.[15]
Similarly, only one patient (8.3%) needed to be admitted to hospital for severe COVID-19 illness, which
ﬁn line with the frequency of hospitalization previously reported in general population of the
bardy region.[23] We expand previous report in advanced PD[12] and show that mild-to-moderate
q27\1/ID-19 may be contracted independently of age and PD duration and that PD patients with mid-
ge PD do not seem to have an overall worse outcome than non-PD population.[15] Concerning the
y objective of the study, we found a worsening of motor and nonmotor symptoms of PD in the
OVID-19 group compared to matched control subjects over the study period.

Qj Motor symptoms. COVID-19 induced a significant worsening of motor performance, motor-
refated disability and experiences of daily living. Worsening of levodopa-responsive motor symptoms
nd increased daily OFF-time, caused either by the effects of acute systemic inflammatory response[6-

r by changes in pharmacokinetics, was so pronounced in one-third of cases to prompt neurologists to

rease dopaminergic therapy. We explored the relative contribution of suboptimal absorption of oral
therapy by adjusting motor endpoints for diarrhoea, which was present in 50% of cases. According to
multivariate analysis, concomitant diarrhoea explained the increase in motor fluctuations, but could not
entirely explain the worsening of motor disability and motor aspects of experiences of daily living.

Nonmotor symptoms. COVID-19 significant aggravated a number of nonmotor symptoms. Increased
fatigue in our cohort was fully explained by COVID-19, confirming that it a common COVID-19
symptom[24], as described in PD following systemic inflammation.[25] Urinary urge/incontinence and

nicturia were explained by the infection as well as increased motor fluctuations, which were partly due
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to pharmacokinetic issues. COVID-19 was neither a major cause of cognitive dysfunction nor
autonomic failure in our cohort of mid-stage PD. Although there was an effect of COVID-19 on
attention, it was not severe enough to be detected by CISI-PD. We neither found changes in
cardiovascular, gastrointestinal and sexual function domains at the NMSS nor differences in
hypotension between the groups.
Strengths and Limitations. The main limitation of this study is the small cohort of COVID-19
@ients, albeit statistical analysis could detect several significant changes. There are a number of
strrngths worth mentioning. First, our case-control study protocol excluded the detrimental effects that
arantine and lockdown restrictions might have played on a number of confounders that influence PD
tor and nonmotor symptoms, such as reduced physical activity, enhanced stress, confusion, anxiety,
o M sleep disturbances.[26] Second, a community-based survey minimised selection bias related to the

Hlusion of hospitalized patients with severe illness or institutionalised ones with advanced PD and

)

orbidities, who are more susceptible to neurological manifestations worse outcome.[27,28] Our
ort with mild-to-moderate illness is likely representative of the majority of PD affected by COVID-
19, considering that only a minority of cases require hospitalization [29-31]. Third, we excluded

/A

secondary and atypical parkinsonisms (including dementia with Lewy bodies), minimising the risk of
overestimating either fluctuating or drug-induced worsening of cognitive dysfunction, visual
lucinations, and autonomic failure. Finally, our comprehensive assessment performed by experienced

rologists in a single tertiary referral clinic ensured a homogeneous and standardized approach.

ed

rger multicentre studies would have requested longer time for data collection, increasing

L

ients/caregivers recall bias.

P

onclusions

»

patients may experience substantial worsening of motor and nonmotor symptoms during mild-to-
derate COVID-19 illness, independently of age and disease duration. Clinicians should take
armacokinetic changes into consideration before adjusting therapy regimen (e.g., management of
ydration secondary to fever, diarrhoea, anorexia with reduced water intake). Although we speculate

e

t subacute clinical changes in PD associated to nonsevere COVID-19 illness are likely caused by

systemic inflammatory response[8-9] rather than a direct invasion of the central nervous system,[27,28]

A\

further studies in larger PD populations are warranted to clarify the cause-effect relationship among
clinical changes and the severity of COVID-19 illness, cytokine levels and virus detection in the

cerebrospinal fluid.
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ﬂle 1. Characteristics of the study population.

riable Cases (N=12) Cont;%ls)( N= VaFI)l'Jef
General features

ale gender, N (%) 5(41.7) 15 (41.7) 1.00

ge, years [Mean (SD)] 65.5 (8.9) 66.3 (8.1) 0.78
urrent Smoking, N (%) 0(0.0) 3(8.3) 0.56
Past Smoking, N (%) 5(41.7) 10 (27.8) 0.48
Frequency of smoking, N cigarettes/day (%) 10.0 (8.7) 9.1(7.3) 0.82
>Eody mass index, kg/m? [Mean (SD)] 25.1 (3.8) 25.5(3.8) 0.77
Body weight, kg [Mean (SD)] 67.0 (11.5) 71.3 (14.5) 0.36
easonal vaccinations in 2019, total N (%) 3(25.0) 9 (25.0) 1.00
ﬁ of whom, Anti-H1N1, N (%) 3(25.0) 9 (25.0) 1.00
- Anti-Pneumococcus, N (%) 1(8.3) 2 (5.5) 1.00

PD-related features
ge at PD onset, years [Mean (SD)] 59.0 (8.1) 60.4 (7.8) 0.58
remor-dominant phenotype, N (%) 6 (50) 18 (50) 1.00
isease duration, years [Mean (SD)] 6.3 (3.6) 6.1 (2.9) 0.79
n-Yahr stage, Mean (SD) 1.8 (0.7) 1.8 (0.6) 0.95
Qementia, N (%) 0(0.0) 3(8.3) 0.56
1herapy
evodopa, N (%) 10 (83.3) 28 (77.8) 1.00
- Levodopa dose, mg/day [Mean (SD)] 400.0 (119.3) 433.6 (227.1) 0.09
, N (%) 9 (75.0) 23 (63.9) 0.73
iMAO-B, N (%) 6 (50.0) 16 (44.4) 0.75
OMT, N (%) 0 (0.0) 4(11.1) 0.56
Amantadine, N (%) 0 (0.0) 0(0.0) 1.00
ﬂ\dvanced-stage Invasive Therapies, N (%) ° 1(8.3) 1(2.8) 0.44
Total LEDD, mg/day [Mean (SD)] 571 (517) 487 (327) 0.52
Therapy adjustment during the study period, N (%) 4 (33.3) 2 (5.5) 0.028
Risk factors for COVID-19
g/(z;;[act with confirmed or suspect COVID-19, total N 8 (66.7) 4(11.1) <0.001
of whom, Confirmed COVID-19, N (%) 6 (50.0) 0(0.0) <0.001
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Suspect COVID-19, N (%) 2 (16.7) 4(11.1) 0.63
Comorbidities
Any 9 (75) 24 (66.7) 0.73
COPD 1(8.3) 4 (11.1) 1.00
Hypertension, N (%) 4 (33.3) 16 (44.4) 0.74
Obesity, N (%) 1(8.3) 2 (5.5) 1.00
Diabetes mellitus, N (%) 0 (0.0) 2 (5.5) 1.00
ardiopathy, N (%) 1(8.3) 5(13.9) 1.00
qﬁlalignancies, N (%) 2 (16.7) 3(8.3) 0.59
ﬁmmune system diseases, N (%) 1(8.3) 1(2.8) 1.00
Immune-modulating therapies, N (%) 2 (16.7) 2 (5.5) 0.26
aenal or Hepatic dysfunction, N (%) 1(8.3) 5(13.9) 1.00
[ #)ther neurological diseases, N (%) ° 1(8.3) 4(11.1) 1.00
COVID-19 symptoms
Fever, N (%) 10 (83.3) 2 (5.5) <0.001
jugh, N (%) 9 (75%) 3(8.3) <0.001
spnea, N (%) 4 (33.3) 0 (0.0) 0.003
Dizziness, N (%) 2 (16.6) 1(2.8) 0.15
adache, N (%) 4 (33.3) 3(8.3) 0.055
Anorexia, N (%) 5 (41.6) 1(2.8) 0.002
v@rrhoea, N (%) 6 (50) 2 (5.5) 0.002
igue, N (%) 7 (58.4) 3(8.3) <0.001
letal muscle pain, N (%) 7 (58.4) 2 (5.5) <0.001
qﬂisea/Vomiting, N (%) 2 (16.6) 1(2.8) 0.15
well loss, N (%) 4 (33.3) 1(2.8) 0.011
ste loss, N (%) 2 (16.6) 1(2.8) 0.15
ension, N (%) 2 (16.6) 1(2.8) 0.15

AP breviations: COPD, Chronic obstructive pulmonary disease, including asthma; DA, dopamine agonists; iCOMT,

techol-O-methyltransferase inhibitors; ICU, intensive care unit; iIMAO-B, Monoamine Oxidase type B
Infibitors; LEDD, levodopa equivalent daily dose; PD, Parkinson’s disease; Pts, patients.

a are shown as number of patients (N) and frequency (%) or as mean (standard deviation).

ese data refer to the baseline state (January 2020) before the COVID outbreak in Italy
e case was on Levodopa/Carbidopa gel infusion; one control was on subthalamic nucleus stimulation.

e patient with meningioma among cases, 4 patients with chronic cerebrovascular disease among controls.

Defined according to the WHO criteria.[14]
luding daily intake of drugs targeting rheumatic diseases or malignancies (e.g., steroids,
hydroxychloroquine, methotrexate, azathioprine, etc.) prior to the baseline assessment.

" Between-group comparisons of continuous variables were performed using the unpaired Student’s t-test, while

categorical variables were analyzed by the Fisher’s exact test.

Table 2. Analysis of study endpoints (CISI-PD, MDS-UPDRS, NMSS).
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Cases(N=12) Controls (N=36) Statistics
Between-
Variable BasEIme End ot Change® BasEIme End oz Change® . group . P- ]
study study difference in | value
change **
a) CISI-PD
7.4 1.3 (0.3, 7.6 0.1 (0.0, <0.001
Total score 6.2 (4.1) (4.1) 2.2)° 7.5(4.7) (4.8) 0.2) 1.2 (0.6,1.7)
. 3.0 0.7 (0.2, 2.7 0.0 (- <0.001
Motor signs 2.3(1.4) (1.3) 1.2)¢ 2.7 (1.4) (1.4) 0.0,0.1) 0.6 (0.3, 0.9)
- 24 0.3(-0.1, 24 0.0 (0.0, 0.003
Disability 2.1(1.1) (1.4) 0.7) 2.4 (1.4) (1.4) 0.0) 0.3(0.1,0.5)
Motor 0.7 |0.1(0.1, 1.0 0.0 (- 0.42
° mplications 0.6 (1.2) (1.4) 0.3) 10(14) (1.4) | 0.1,0.1) 0.1(:0.1,02)
- 13 0.1(-0.1, 15 0.0 (- 0.089
Cognitive status 1.2 (1.2) (1.2) 0.4) 1.5(1.5) (1.5) | 0.1,0.1) 0.1(-0.0,0.3)
b) MDS-UPDRS
11.9 13.7 1.8 (0.4, 12.0 12.2 0.2 (0.0, <0.001
DRS part (7.6) | (9.4) | 3.1)° 83) | (83) | oa)¢ | 16(0823)
4.2 1.2 (-0.2, 4.8 0.0 (0.0, 0.002
NUPDRS part IV 3.0(6.2) 5.1) 2.5) 4.8 (6.6) (6.6) 0.0) 1.2 (0.5, 2.9)
UPDRS part IV - 1.5 |0.4(-0.2, 1.7 | 0.0(0.0, 0.014
OFF ¢ 1.1 (2.0) 28) 10) 1.7 (2.5) 25) 0.0) 0.4 (0.1,0.7)
UPDRS part IV — 05 |0.2(0.2, 0.6 | 0.0(0.0, 0.083
‘mw ; 03(12) | ;5 | os 0602 | 5 Tog” | 02t00,04)
) NMSS
al score 393 | 497 (1(?'24 (33'2) (ji'i’) 01 | 105(52, | %%
(28.1) | (43.1) e ' "~ 1 0.7,0.5) 15.9)
20.6)
0.4 (- 0.13
Cardiovascular 1.5(1.3) 18 0.3 (11, 1.3(2.3) 0.9 0.6, - 0.6 (-0.2,1.4)
(3.3) 1.6) (1.9) 02)°
. 10.5 2.2(-0.2, 10.0 9.8 -0.1 (- 0.001
| F . 4 2.3 (1. .
Q)S eep/Fatigue 8364) | ;1) | 4 ©97) | (97) | 0401 | 231038
8.6 11.8 | 3.2(-1.2, 7.6 7.6 0.0 (- 0.010
.1 (0. .
< ’MOOd/ Apathy (143) | (17.9) | 7.5) (1.0) | (113) | 0.4,04) | 310855
Perceptual 0.9 0.0 (0.0, 0.7 0.0 (0.0, 1.00
oblems 0.9 (1.6) (1.6) 0.0) 0.7 (1.6) (1.6) 0.0) 0.0 (0.0, 0.0)
4.7 1.5 (-1.1, 4.9 0.0 (- 0.038
tention/memory 3.2(4.1) (7.8) 4.1) 4.9(7.1) (7.1) | 0.1,0.2) 14(0.1,28)
. . f 3.2 -0.1 (- 3.2 0.2 (- 0.17
. Nl . . -0.4 (-0. 2
.Gastromtestlnal 3.3(5.1) (5.2) | 0.8, 0.5) 3.0(3.8) (3.9) | 0.0,0.4) 0.4(-0.9,0.2)
. 10.8 2.2 (0.1, 8.3 0.0 (0.0, <0.001
. . . . 2.3(1.1, 3.
Urinary 8.6 (7.5) (9.3) 4.4)° 8.3(9.0) (9.0) 0.0) 3(1.1,3.4)
. 1.3 0.0 (0.0, 2.1 0.0 (0.0, 1.00
1.3 (2. 2.1 (4. . . .
Sexual function 3(2.0) (2.0) 0.0) (4.5) (4.5) 0.0) 0.0 (0.0, 0.0)
. 4.8 1.3 (-0.5, 4.3 0.1(- 0.014
Miscellaneous 3.5(3.3) (3.7) 3.0) 4.2 (5.9) (5.9) 0.0,0.2) 1.2(0.2,2.1)

Abbreviations: CISI-PD, Clinical Impression of Severity Index for Parkinson’s Disease. MDS-UPDRS, Movement Disorders
Society Unified PD Rating Scale; NMSS, non-motor symptoms scale.
® Data are provided as mean (standard deviation)
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® Data are provided as mean (95% confidence interval)

© According to repeated-measures linear regression model

¢ Significantly different compared to baseline (test for within-group comparison)

® OFF-related subscore was calculated as the sum of items 4.3, 4.4, 4.5. Dyskinesias subscore was calculated as the sum of
items 4.1, 4.2

"Note that the gastrointestinal domain of the NMSS does not include assessment of diarrhoea.
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